SUlIllIlary. The thermoregulatory set point in man can be estimated by the aid of quantifying thermal alliesthesial responses. Behavioural and autonomous thermo regulation in a group of nine patients with spinal cord transection was compared against a control group of six non-disabled under various room-climate conditions. Deviation of core temperature from thermoregulatory set point was estimated using a behavioural indicator (thermal alliesthesial responses) at different intervals of the exposure time.
Introduction
PATIENTS with paraplegia and tetraplegia suffer from a condition of partial poikilothermia (Hutchinson, 1875; Paget, 1885; Pembrey, 1897; Gardiner sentient portion of the body. During a warm water bath (39'2°C) for exposures for 40-45 minutes, Pollock et al. (1951) observed that para plegics showed a core temperature increase of 2'0°C compared against 0'9°C for the control group. Body temperature rise was thus brought about under conditions when heat loss by evaporation of sweat was pre vented. The differences in core temperature rise observed between para plegics and non-disabled may still be explained by the fact that the temperature gradient for heat transfer between the skin and the water bath was reduced in the case of the control non-disabled group due to their efficient ability to perform vasodilation.
Observations which may indicate that poikilothermia is associated with a shift in the thermoregulatory set point are few. Downey et al. (1969) suggested evidence for deep temperature-sensitive structures and that when paraplegics are exposed to central and skin cooling there is an apparent upward shift of the internal temperature at which increased heat production occurs. Indications that paraplegics may possess the ability to adjust their thermoregulatory set point in the presence of an external thermal stressor to facilitate a suitable level of adaptation to the thermal environment were recently reported (Attia et al., 1982) .
In this study thermal alliesthesial (Greek; Alloio = to alter or change, Aistesia = sensation) reactions (Cabanac, 1969) have been used as a thermo regulatory behavioural indicator in an attempt to demonstrate the presence of a possible change in the thermoregulatory set point in paraplegics exposed to various ambient thermal conditions. We are in agreement with the definition of the thermoregulatory set point proposed by Cabanac et al. (1971) , namely, that the thermoregulatory set point is that internal tempera ture at which neither heat loss mechanisms nor heat conservation mech anisms are activated. Internal temperatures above the set point then produce sweating and vasodilatation in man, and below the set point vasoconstriction and shivering are activated.
Methods
A set of 85 passive thermal exposures was performed on six patients with spinal cord transection, studied 6 months to 8 years after their injury (Table I) , compared against nine non-disabled of the same age group.
Prior to the commencement of each exposure the bladders of the paraplegics were emptied. The experiments were performed in the morning in a climatic chamber in which ambient temperature, relative humidity and air speed were controlled and wall temperature was approximately equal to air temperature. All subjects were dressed in light summer costumes of an estimated 0'4 Clo-value. The subjects were exposed to a constant room temperature for 45 minutes on different days at the same time of day in the climatic chamber. Each subject was exposed to a total of six ambient temperatures, namely, 15, 20, 25, 30, 35 and 40°C ; air speed (0'2-0'3 m/s) and relative humidity (45 per cent) were kept constant. Every exposure was preceded by a 1 5-minute fore-chamber exposure. The subjects were sitting comfortably on wheel chairs.
A set of 5-second local temperature stimuli of 15, 20, 25, 30, 35 and 38°C was applied on the hand, forehead and back of neck. A two minute interval between each stimulus and the other was observed, so * Rating between the integers using decimals was possible.
A Peltier thermode (Engel et al., I979; Attia et al., I980-b; Hilde brandt et al., I98I) 5'5 em long and 2'7 em wide was used to apply the temperature stimuli. The subjects also indicated their most pleasant temperature on the back of the neck by voluntary control, using the temperature control knob of the thermode without looking at the tempera ture scale. The subjects also rated their level of satisfaction/ dissatisfaction with the thermal environment on the same five point scale ranging from + 2'0 for very comfortable to -2'0 for very uncomfortable.
This procedure was performed at the start (in the fore-chamber) and repeated every Io-I5 minutes throughout the exposure time. Rectal temperature and skin temperature at eight locations were continuously recorded using thermistors and two multipen recorders.
Quantification methods of thermal alliesthesia
Alliesthesia was defined as 'the changed sensation for a given peripheral stimulus resulting from the stimulation of internal sensors' (Bligh and Johnson, I973) . Thermal alliesthesia was first defined by Cabanac (I969) as the pleasure/ displeasure sensation aroused by a given temperature stimulus according to the internal thermal state of the subject. A temperature stimulus provokes an affective and a discriminative sensation; the dis criminative aspect is a function of the nature, intensity and duration of the stimulus; whereas the affective part is the amount of pleasure/ displeasure aroused by the stimulus (Young, 1959; Cabanac, 1979) . If a subject is offered a set of temperature stimuli, provoking a discriminative sensation ranging from cold to warm, his affective sensation would depend on the skin temperature and the deviation of his core temperature from the thermoregulatory set point (Cabanac, 1969; Cabanac et al., 1971; Strempel et al., 1976; Cabanac, 1979; Engel et al., 1979 Engel et al., , 1980 1980-a). When cold stimuli are pleasant and warm stimuli unpleasant, body temperature is found to be above the set point; when warm stimuli are perceived as pleasant and cold stimuli as unpleasant, body temperature is below the set point (Cabanac et al., 1971; Cabanac et al., 1976; Attia et al., 1980-a) . Under conditions of thermal neutrality, however, the temperature stimuli would provoke affective sensations more or less close to 'indifferent' for the range of discriminative sensation from cool to warm (Hensel, 1979) .
A semi-schematic typical example of pleasantness rating using the five point psychophysical scale plotted against time of exposure for every temperature stimulus is given in Figure 1 Top. For each set of temperature stimuli, the so-called rating/ stimulus regression line can be calculated to determine the regression coefficient or slope (Fig. I Middle) . A positive slope shows that the subject is hypothermic and a negative slope shows that the subject is hyperthermic Cabanac et al., 1976; Attia et at., 1980-b) . This is to be expected since a hypothermic subject would perceive a cool stimulus as unpleasant. A condition exists for which the slope of rating/stimulus line is zero indicating that the subject is at a state when his body temperature is neither higher nor lower than his thermoregulatory set point. A plot of rating/stimulus slope against time of exposure (Fig. I Bottom) would reveal the thermal state of the subject with respect to the thermoregulatory set point at any point in time throughout the exposure.
Results
The rating/ stimulus slope for the control group is a sigmoid curve showing a sharp point of intersection with the a = 0'0 horizontal line ( Fig. 2A) , with negative rating/stimulus slopes at high room temperatures. Paraplegics, however, show rating/stimulus slopes closer to the zero (a = 0'0) line than the control group especially at high room temperatures ( Fig. 2A) . Figure 2B confirms the well known state of partial poikilothermia in paraplegics. The control group maintained a fairly constant rectal tempera ture during all exposures, whereas paraplegics had lower core temperatures in the cold and higher core temperatures in the heat.
The inverse proportionality existing between most pleasant tempera ture and room temperature (Attia et ai., 1980-a) is more clearly observed in non-disabled than in paraplegics ( -100
[00 I
.10 -0;:
Cool 15 Example I -----:-:-:
Time of Exposur e
R ating I Stimulus
Hot ambient conditions
Time of Exposure FIG_ I 2 37
Semi-schematic diagram for a subject exposed to a cool ambient atmosphere and thereafter to a hot ambient temperature. Top: pleasantness/displeasantness rating plotted against time of exposure for each stimulus of IS, 20, 25, 30, 35 , and 38°C. Middle-box: rating/stimulus regression line calculated to determine the slope for each set of temperature stimuli. Bottom: slope of pleasantness rating/stimulus line plotted against time of exposure.
between 3SoC and 29°C, compared against a wider range from 38°C to 23°C for non-disabled. The general thermal comfort sensation rating of paraplegics shows that they perceived low temperatures as being slightly more comfortable than the control group (Fig. 2D ). At high room temperatures paraplegics had a general discomfort sensation rating similar to the control group, whereas, at 30°C room temperature, the mean rating of the control group was close to 'indifferent' as compared to a mean rating of 'uncomfortable' for the paraplegic group.
The mean rectal temperature and mean skin temperature for the six paraplegics and six non-disabled control group were plotted against time of exposure for two room temperatures, 20°C and 3SoC in Figure 3 which illustrates that the non-disabled maintained a fairly constant core tempera ture with a decrease of o-3°C during the exposure to the ambient atmosphere '-'f Non-disabled n = 9
40°C
Room temperature Mean skin temperature Mean skin temperature was calculated using a formula proposed by Nadel (1977) No significant differences in mean skin temperature between the para plegics and the control group were observed (Fig. 3 Bottom) . exposure from 33'9° to 34'95°C compared against 34'4°C at the beginning of the exposure with a linear increase up to 34'9°C observed after 35 minutes of exposure, for the control group (Fig. 4 Top). The lower arm tempera ture however, was higher in paraplegics (from 35'5° to 36'25°C) than in the control group (from 34'9° to 36'O°C). The temperature difference between lower arm and lower leg for paraplegics was I'5°C at the beginning of the exposure, followed by a decreasing tendency starting after 20 minutes until the difference reached I 'o°C at the end of the exposure (Fig. 4 Top) . Conversely, the temperature difference between lower leg and lower arm for the control group was O'5°C at the beginning followed by a continuous increasing tendency until it reached I· rOC at the end of the exposure (Fig.  4 Top). The upper leg and upper arm skin temperature in paraplegics showed a similar tendency to their lower arm and lower leg, namely, a temperature difference decrease from 0·9°C at the beginning to 0·6°C at the end of the exposure (Fig. 4 Bottom) . It is to be noted that there is a levelling tendency of skin temperature above room temperature for paraplegics (Fig. 4 Bottom) . Upper leg skin temperature for non-disabled increased linearly from 35·4°C to 36·7°C whereas the upper arm showed a levelling tendency. Skin temperature difference between the upper arm and upper leg was similar to the skin temperature difference between lower arm and lower leg. The con trol group showed a difference between upper arm and upper leg which was smaller at the beginning (0·3°C) than at the end of the exposure (0·75°C), the upper leg temperature was higher than the upper arm (Fig. 4 Bottom).
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Skin temperature
An example of skin temperature distribution in paraplegics and non disabled at a room temperature of 20°C is shown in Figure 5 .
Both the lower and upper arm skin temperatures for paraplegics and their control group were more or less equal. On the other hand, the upper leg and lower leg skin temperatures in the control were significantly higher (about 2·0°C) than in paraplegics. The temperature difference between lower arm and lower leg (Fig. 5 Top) and between upper arm and upper leg (Fig. 5 bottom) for the control group increased from the beginning (0·6° to I·O°C) to the end (1·3° to 2·0°C) of the exposure. Conversely, this difference in paraplegics was either constant (I·3°C) or decreased from 0.70 to 0·4°C. Figure 6 shows the mean values of the slope of rating/stimulus line, most pleasant temperature and general thermal comfort sensation plotted against time of exposure for the paraplegic and the control groups. The results were obtained during climatic chamber exposures to two ambient temperatures, 20°C and 35°C. The fore-chamber ambient thermal con ditions were not controlled, they varied with respect to room temperature, air speed and relative humidity. Thus, the pre-chamber results do not present a good basis for a comparison between the two groups.
The rating/stimulus slope obtained from the pleasantness rating in response to the temperature stimuli offered is shown in Fig. 6A for the two groups. Both groups showed positive rating/stimulus slopes during the pre-chamber exposure. The rating/stimulus slope for paraplegics de creased from +O·IIoC at the beginning of the exposure to +0·08°C at the end. The control group showed a slight increase from +0·12° to +0·I4°C (Fig.6A) .
During the exposure to the room temperature of 35°C, the control group showed a decreasing tendency in the slope of rating/stimulus line (Fig. 6A ) from a positive value ( + o· lOOC) during the pre-chamber con ditions to increasingly negative values throughout the time of exposure whereas the rating/stimulus slopes for paraplegics were very close to the zero line (a = 0·0).
The results of the most pleasant temperature, chosen by voluntary control on back of neck for both groups, confirmed the result obtained from rating/stimulus regression analysis. The difference between most pleasant temperatures chosen respectively at 20°C and 35°C ambient temperatures ( Fig. 6B) were significantly smaller in the case of paraplegics (3'3°C) than the control group (IO·7°C). General thermal comfort sensation vote for the two groups is shown in Fig. 6C . Paraplegics' comfort vote at 3SoC room temperature was from the start close to 'very uncomfortable', with a slight decrease in discomfort at the end of the exposure (Fig. 6C) . For a room temperature of 20°C paraplegics rated their thermal comfort close to 'indifferent' throughout the exposure time. Thermal comfort sensation rating of the control group for both room temperatures decreased slowly with time of exposure from the pre-chamber conditions (+o'SoC i.e. slightly comfortable) to the end of the exposure ( -I ·o°C i.e. uncomfortable).
Discussion and Conclusions
A comprehensive discussion of thermoregulatory and blood flow dis-turbances in the spinal man was presented by Guttmann (1976) who stated that maintenance of homeothermia in man depends on the nervous integra tion and co-ordinated function of three systems, namely:
I . Surface receptor system; 2. Afferent transmitter system; 3. Efferent transmitter system. Paraplegics and tetraplegics suffer from a disturbance in the three systems in their insentient portion of the body and therefore show symptoms of poi kilothermi a (Hutchinson, 1875; Paget, 1885; Pembrey, 1897; Gardiner & Pembrey, 1912; Holmes, 1915; Sherrington, 1924; Pollock, 1951; Tigay, 1956; Guttmann et ai., 1958; White, 1959; Pledger, 1962; Downey et ai., 1967 , 1969 , 1976 , Guttmann, 1976 .
Another aspect of thermoregulation in man is thermoregulatory be haviour. The total thermoregulatory response (R) is the sum of both thermoregulatory autonomous or physiological responses (Ph) and thermo regulatory behavioural reactions (Be): (Hardy, 1972) .
Thermal balance is achieved in such a way that thermoregulatory physiological strain is minimized (Hardy, 1972) . In other words, be havioural responses modify the need for physiological or autonomous response (Hensel et ai., 1973).
Non-disabled people are mobile, whereas people who are paraplegic or tetraplegic are practically immobile without an external aid or device such as a wheel chair. Non-disabled tend to follow Hardy's 1972 hypothesis by minimizing their thermoregulatory physiological strain through mobility and behaviour; whereas paraplegics rely on their autonomous thermo regulatory response, especially in the sentient portion of the body.
Physiological thermoregulatory response (Ph) can be estimated by the measurement of physiological indicators such as core temperature, skin temperature, metabolic rate, sweating onset and rate, blood flow, vaso constriction, vasodilation, and shivering. The thermoregulatory be havioural responses are difficult to quantify, but measurement of thermal alliesthesial reactions may give an indication of the direction and magnitude of the thermoregulatory behavioural output of the human 'thermostat'.
The direction and magnitude of thermal alliesthesial reactions depend on skin temperature and the deviation of the prevailing core temperature from a reference temperature or set point (Table II) where a = the slope of rating/stimulus regression line T most pleasant = most pleasant temperature � T core = deviation of core temperature from thermoregulatory set point 'Tskin = mean skin temperature.
In complete paraplegics and tetraplegics the role of skin temperature for thermal alliesthesia reactions is most probably limited to the sentient portion of the body. The insentient portion of the body is a temperature non-regulating system, which acts under extreme thermal ambient con ditions like a 'heat-exchanger' (Downey et al., 1971 (Downey et al., , 1973 , tending to increase or decrease core temperature, depending on ambient thermal condititions. Moreover, the thermoregulatory load of the sentient portion of the body would increase to offset the additional thermal load resulting from the 'heat exchanger' role played by the insentient portion of the body until steady state is reached. 
Abbre viations Rise i; Fall ! ; No changeApplication of this information to paraplegics would mean that apart from the range of ambient temperatures (25°C and 30°C), for which para plegics showed constant core temperature (Fig. 2B) , core temperature overrides the effect of skin temperature on thermal alliesthesial reactions. In ambient atmospheres below and above this range, paraplegics show clear changes in core temperature compared against the control group (Fig. 2B) . It can therefore be argued that above and below the conditions of thermal neutrality, alliesthesial reactions in paraplegics are determined solely by core temperature: a or T most pleasant = f(� Teore) Engel (1982) argued that functional or anatomical loss of extremities causes a shift in the body area/volume relationship towards less optimum thermoregulatory responses to endogenous and/or exogenous thermal loads. He studied a group of amputees and a group with congenital mal development of limbs (dysmelees) exposed to passive thermal and work loads and concluded that symptoms of thermoregulatory adaptive changes may be observed in the two groups. Long term thermoregulatory adjust ments following functional loss of extremities in paraplegics was studied in comparison to a control group of non-disabled (Engel et al., 1978) . Both groups underwent periodic passive thermal and work exposure tests. The results were interpreted as evidence for a long term thermoregulatory adaptative process following spinal cord injuries.
The present study indicates that, some time after the injury (6 months or more):
I. Paraplegics may possess the capability of adjusting their thermo regulatory set point in the presence of an external ambient stressor. The sentient skin temperature and core temperature changes determine in which direction and to what extent such a change in the thermoregulatory set point is necessary. Rawson and Hardy (1967) showed that sweating in hibition in a paraplegic patient was not achieved by cooling of the leg; whereas in a non-disabled control subject sweating inhibition was possible with less cooling of the leg. A fact which indicates that the signal for thermoregulatory processes in paraplegics is independent of skin tempera ture of the insentient parts of the body. Similar evidence was provided by Downey et al. (1967, 1969, 1971, 1973, 1976) using the insentient portions of the body as a 'heat exchanger' to produce changes in core temperature or to keep core temperature constant while heating or cooling the sentient portion.
2. The change of thermoregulatory set point varies directly with ambient thermal conditions. At higher ambient temperatures the thermo regulatory set point of paraplegics is raised and at lower ambient thermal conditions the thermoregulatory set point is decreased. At neutral tempera tures paraplegics have the same thermoregulatory set point as non disabled ( Figs. 2A and 2C ). Furthermore Downey et al. (1967) argued that their experiments have shown that when the deep body temperature fell below 36°C, shivering was initiated. The exact temperature of this set point with the techniques he used probably cannot be defined too closely and would have to be considered as a range from 35'5-36'0°C, with apparent variation between individuals and from day to day. Downey et al. (1967) concluded that their results were in the contrast to the studies carried out by Benzinger (1962) and Snell (1954) who found a more exact shivering set point around 36·8°C.
In view of the facts that the groups studied by Benzinger (1962 ) & Snell (1954 were non-disabled while the group studied by Downey et al.
(1967) were patients with chronic cervical cord transection, the comparison between these groups is difficult. It is our contention that the thermo regulatory system in these groups are not comparable. The results of our study may provide evidence for the explanation of this difference, namely, paraplegics possess, some time after the injury, the ability to decrease their thermoregulatory set point and thus their shivering threshold. RESUME II a ete montre qu' on peut estimer la consigne du thermostat humain par les responses quantitatives d'alliesthesie thermique. On a compare ici les responses thermo regulatrices autonomes er comportementales chez 6 sujets paraplegiques et un groupe de sujets temoins sains. La deviation de la temperature profonde vis a vis de sa consigne est estimee grace a un indice comportemental (l'alliesthesie thermique) a dim:rents intervalles pendant l'experience. Le confort thermique global est estime par Ie sujet et exprime sur une echelle subjective.
Le groupe de paraplegiques montre, comme on s'y attendait, une certaine poikilo thermie. La temperature cutanee moyenne eta it comparable dans les deux groupes, mais la distribution des temperatures cutanees hait differente d'un groupe a l'autre. Les responses alliesthesiques indiquaient une temperature profonde plus proche de sa consigne chez les paraplegiques que chez les temoins.
On en conc1ut que Ie paraplegique pourrait posseder apres un deIai suivant la section spinale, une consigne thermoregulatrice qui varie directement avec les conditions thermiques ambiantes. Ce phenomene est considere comme un processus thermoregulateur adaptatif apres section spinale.
ZUSAMMENFASSUNG
Es hat sich gezeigt, daI3 der thermoregulatorische Sollwert durch die Bestimmung der thermischen alliesthesischen Reaktionen ermittelt werden kann. Die thermischen Ver haltensreaktionen und die autonome Thermoregulation sind in einer Gruppe von 6 Quer schnittgelahmten mit einer Kontrollgruppe von Nichtbehinderten bei verschiedenen Raumtemperaturen verglichen worden. Die Abweichung der Kerntemperatur vom thermo regulatorischen Sollwert wurde mittels eines Verhaltensindikators (thermische alliesthesische Reaktionen) in verschiedenen Intervallen ermittelt. AuI3erdem wurde der gesamte thermische Komfort auf einer thermischen Komfortskala gewahlt. Wie erwartet, zeigen die Querschnittgelahmten eine partielle Poikilothermie. Die mittlere Hauttemperatur war in beiden Gruppen gleich, die Verteilung der Hauttemperaturen an Rumpf und Extremitaten jedoch in beiden Gruppen unterschiedlich. Der thermoregulatorische Sollwert bei Quer schnittgelahmten ist direkt von der Umgebungstemperatur abhangig. Die Ergebnisse der thermischen alliesthesischen Reaktionen wei sen darauf hin, daI3 die Kerntemperatur von Querschnittgelahmten naher bei ihrem thermoregulatorischen SolI wert liegt als bei Nichtbe hinderten. Man kann daraus schlieI3en, daI3 Querschnittgelahmte vermutlich einige Zeit nach der Verletzung in der Lage sind, auI3erhalb der thermischen Neutralitatszone ihren thermoregulatorischen Sollwert zu verstellen. Dieses Phanomen ki:innte als ein adaptiver thermoregulatorischer ProzeI3 aufgefaI3t werden.
